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Field of the Invention 
[0001] The present invention pertains to the field of computer systems. More 
particularly, this invention pertains to the field of memory interface optimization. 

Background of the Invention 
[0002] Memory subsystem performance is an important factor in the overall 
performance of computer systems. This may be particularly true in computer systems that 
integrate a graphics controller in a component along with a memory controller. The 
graphics device accesses graphics memory located within system memory through the 
memory controller. 

[0003] The graphics controller may issue 32 Byte "stride cycles" to the memory 
controller. This type of cycle may be defined as 32 Byte read requests whose two 16 Byte 
addresses are offset by plus or minus 128 Bytes (or 256 Bytes) instead of a usual offset of 
16 Bytes. Also, these stride cycles are typically sequenced with another stride cycle 
which is either 16 Bytes of 32 Bytes apart from the previous cycle. In prior computer 
systems using double data rate (DDR) memory, the two stride cycles are separated by a 
wait state of one clock period. 
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Brief Description of the Drawines 

[0004] The invention will be understood more fully from the detailed description 

given below and from the accompanying drawings of embodiments of the invention 

which, however, should not be taken to limit the invention to the specific embodiments 

described, but are for explanation and understanding only. 

[0005] Figure 1 is a block diagram of one embodiment of a computer system 

including a system memory controller coupled to a DDR memory. 

[0006] Figure 2 is a block diagram of a command-per-clock detection unit. 

[0007] Figure 3 is a timing diagram demonstrating an example transaction using 

command-per-clock. 
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Detailed Description 

[0008] In general, a memory controller is coupled to a memory device via a memory 
channel. The memory controller includes a command-per-clock detection unit that 
compares a portion of a current address with a portion of a previous address. If there is a 
match, then the memory controller can continue to assert a chip select line coupled to the 
memory device. The command-per-clock detection unit checks to see whether only 
certain low-order bits of the address lines are toggling between the current and previous 
addresses. Additional copies of address lines for particular low-order bits are provided to 
the memory device to reduce loading on the low order bit address lines, allowing the low 
order bit address lines to toggle quickly in order to avoid the necessity of inserting a one 
clock period wait state. If the command-per-clock detection unit does not find a match 
(meaning that more than the low order address bits are toggling) then the wait state is 
inserted by deasserting the chip select line for a clock period. 
[0009] Figure 1 is a block diagram of one embodiment of a computer system 
including a system memory controller 200 coupled to a DDR memory A and a DDR 
memory B. The system memory controller 200 is included in a memory/graphics 
controller hub 120. The graphics/memory controller hub 120 also includes an integrated 
graphics device 122. A processor 1 10 is coupled to the memory/graphics controller 120. 
An input/output controller hub 150 is also coupled to the hub 120. 
[0010] The system memory controller 200 provides for a channel A interface and a 
channel B interface. The channel interfaces A and B are coupled to DDR A and DDR B, 
respectively. The memory controller 200 is coupled to the DDR A device via a DDR A 
bus 121 that includes system memory address A (SMAA) lines [12:0] as well as a chip 
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select signal 127 (not shown) and a clock signal 125 (not shown). The memory controller 
200 also provides a second copy of SMAA lines [5:1] to the DDR A device. Similarly, 
the memory controller 200 is coupled to the DDR B device via a DDR B bus 123 that 
includes system memory address B (SMAB) lines [12:0] as well as a chip select signal. 
The memory controller 200 also provides a second copy of SMAB lines [5:1] to the DDR 
B device. 

[0011] Figure 2 is a block diagram of a command-per-clock detection unit that is 
included in the memory controller 200. This command-per-clock detection unit is meant 
for use with channel A. A similar unit may be included for use with channel B. A latch 
210 receives address lines SMAA[12:6, 0]. A compare circuit 220 compares the current 
values on the SMAA[ 12:6,0] lines with previous values of the SMAA[12:6,0] lines. If 
there is a match, then a command-per-clock (CPC) detect signal 201 is asserted. The 
assertion of the CPC detect signal 201 indicates to the memory controller 200 that 
conditions exist that allow the memory controller 200 to maintain the chip select signal in 
an asserted state. If there is no match, then the memory controller de-asserts the chip 
select signal for a clock period. 

[0012] Figure 3 is a timing diagram demonstrating an example transaction using 
command-per-clock. At time 301, the chip select signal CS# 127 is asserted (for this 
example, the chip select signal is considered to be asserted when at logical 0). Along 
with the assertion of the CS# 127, a stride cycle A begins by placing address A on the 
SMAA[12:0] lines. At time 302 the second part of the stride cycle A occurs with an 
address of A plus or minus 128 Bytes. At this time, the command-per-clock detection 
unit determines whether conditions exist for a command-per-clock transaction. In this 
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example, at time 303 the conditions do not exist and CS# 127 is de-asserted for one clock 
period. A next stride cycle B begins at time 304. At time 305 a determination is made as 
to whether conditions exist for command-per-clock. For this example conditions do exist 
at time 306 and CS# remains asserted and cycle C begins immediately, with no wait state. 
[0013] In the foregoing specification the invention has been described with reference 
to specific exemplary embodiments thereof. It will, however, be evident that various 
modifications and changes may be made thereto without departing from the broader spirit 
and scope of the invention as set forth in the appended claims. The specification and 
drawings are, accordingly, to be regarded in an illustrative rather than in a restrictive 
sense. 

[0014] Reference in the specification to "an embodiment," "one embodiment," "some 
embodiments," or "other embodiments" means that a particular feature, structure, or 
characteristic described in connection with the embodiments is included in at least some 
embodiments, but not necessarily all embodiments, of the invention. The various 
appearances of "an embodiment," "one embodiment," or "some embodiments" are not 
necessarily all referring to the same embodiments. 
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